We have investigated the contribution of stochastic thermally activated processes to the electric-field effects on coercivity in FePt. Coercive field distributions were measured under different gate voltages in solid-state field-effect structures. For low voltages a shift in the coercive field distribution can be observed, however, it is not larger than the width of the distribution. Higher voltages are needed to obtain the splitting from the negative (zero) voltage distribution allowing for the unambiguous characterization of the electric-field effect. A virtual unipolarity in the electric-field effect has been identified as a feature introduced by the dielectric layer that disappears upon annealing.
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The electric field (E) control of magnetic properties already demonstrated in a variety of itinerant ferromagnets [1] [2] [3] [4] [5] [6] constitutes an attractive path towards low power magnetization switching applications. In FePt, the reduction of the coercive field observed under electron charging was attributed to a reduction in the large magnetocrystalline anisotropy of this compound, resulting from the voltage-induced 3d/5d band filling 1, 7 . In Ref. [1] , the change in the electron density was obtained by creating an electric field between the sample and a so-called counter-electrode, both immersed in a liquid electrolyte. The large dielectric constant of the so-called double-layer formed at the sample surface permitted significant charging upon applying a moderate voltage below 1V.
With the prospect of exploiting the E-control of magnetism in magneto-electric devices, its observation in structures incorporating a solid-state barrier appears as a prerequisite.
This is realized in the present study, where the electric field is generated across an insulating HfO 2 barrier, deposited on top of a 2 nm L1 0 epitaxial FePt film. In these devices the measured coercive field is found to fluctuate by typically 1-2 % upon repeating the experiment giving rise to a coercive field distribution. This feature was already observed in a number of studies dealing with FePt ultra-thin films 8, 9 and can be ascribed to the stochastic nature of the thermal activation processes involved in overcoming the coercive energy barrier associated to a small number of events. It is worth mentioning that in the cited studies the FePt films were patterned into Hall bar structures but were not covered with a dielectric layer as in the present case. This acertains that the coercive field distribution does not arise from the creation of a FePt/HfO 2 interface, necessary to build the field-effect devices discussed in this study.
The width of the coercive field distribution may mask the modification of the coercive field induced by the applied E-field and therefore the impact of stochastic thermally activated processes needs to be addressed. In this study we present the effect of electric fields generated in top-gate electrode devices on the coercivity distributions of thin films of FePt at various gate voltages. under gate voltages of ± 1V are almost superimposed, only at gate voltages of ± 2V a visible splitting of the distributions for negative and positive gate voltages is observed ( Fig.   2(b) ). The splitting continues to increase at higher voltages but it is only for ± 4V that the overlapping between the two distributions completely disappears.
These observations illustrate the above-mentioned stochastic character of the thermally field distribution. This is also evident in the hysteresis loops shown in Fig. 3 (d) .
The charge trapping effects discussed above provide a simple explanation for the results presented in this study, however, the exact nature of the charge trapping mechanism remains an open question and requires additional studies. It will be particularly interesting to investigate these processes not only to avoid charge trapping in variable gate voltage operation but also to explore the possibility of using them as a route to permanent E-field effects without the need of a constant gate voltage. This concept has been recently investigated in magnetic structures containing a dielectric layer with optically induced trapped charges 11 .
In the annealed sample the relative shift of the coercive field obtained for either positive or negative gate voltages amounts to 0.7 %/V. The field effect reported for FePt immersed 6 hal-00773419, version 1 -14 Jan 2013 xxx in a liquid electrolyte 1 was of 7.6 %/V for a coercivity similar to that of the present film (0.115 T). In the cited work, the estimated capacitance is of 30 µF/cm 2 while in this study the measured capacitance is between 2.3 and 2.8 µF/cm 2 which accounts for the differences observed in the E-field assisted coercivity changes per applied Volt. This confirms that the magnitude of the effect observed in a liquid electrolyte environment can be also achieved in a solid state device allowing for bipolar operation, a feature that could not be implemented in Ref. [1] due to redox potential restrictions.
It is worth mentioning that the nature of the metal/dielectric interface has been shown to be of great importance to the E-field modulation of the magnetic properties. The fabrication of the devices presented in this study has been carried out without a capping layer protecting the FePt film from air, however, other studies in the literature reported that under similar conditions the E-field effect is absent and that the observation of a reduced 0.1 %/V effect requires the presence of a protective in-situ grown MgO layer 20 . In addition, the E-field induced changes in H c informed in Ref. [18] seem to have the opposite dependence on the sign of the gate voltage as those presented here.
In conclusion, the E-field changes in coercivity observed in Ref. [1] have been brought into a solid state device. Using these structures we have studied E-field effects in the co- 
